Dune sand is a very abundant material in south of Algeria. Its high silica content gives a partial pozzolanic reactivity due to its crystalline state. This paper investigates the eVol.ution of cement hydration based on a binary addition particularly the reactivity of dune sand finely ground in the presence of an amorphous addition: silica fume or blast furnace slag. Thus, four combinations of binary additions by substitution have been chosen. The X-ray diffraction analyses performed on cement pastes containing additions have shown the importance of the mineralogy and silica content of additions on their pozzolanic reactivity. Dune sand becomes reactive at long term, especially when associated up to 10% of amorphous addition (blast furnace slag or silica fume). It results an increasing in mechanical strength of Ultra High Performance Concrete (UHPC) and an improvement of the microstructure.
Introduction
Use of mineral additions in cement industry represents a better way to improve environmental protection and sustainable development. It allows reducing cement consumption and consequently CO 2 emission. It was shown that the production of one tone of cement generates nearly one tone of CO 2 [1] . Accordingly, the higher the replacement level in cement, the lower CO 2 emissions are in the atmosphere.
Ultra high performance concrete (UHPC) is a new concrete containing different active additions. The latter contribute to improve matrix densification by physical and chemical actions.
The chemical action (pozzolanic reaction) is explained by fixing of lime release during cement hydration to form a new generation of C-S-H more compact, which improve performance and long term durability of concrete [2] [3] [4] [5] .
In Algeria, the steel industry is well developed which represents an important source of slag. In addition, the south of the country is rich in dune sand. This motivate the use of the two both materials as cementitious addition in UHPC [6] [7] [8] .
In this paper four combinations of binary additions by substitution of 15% have been studied. To obtain the optimal combination, a series of analysis has been carried out on pastes and concrete.
Experimantation

Materials Used
In this investigation a CEM II /A cement type and three mineral additions (ground dune sand [DS] , ground blast furnace slag [S] and silica fume [SF]) have been used. Their chemical and mineralogical properties presented in Table 1 and Figures 1 and 2 show that the CaCO 3 has been used as an inert addition in cement manufacturing.
Slag and silica fume have an amorphous structure resulted in a centered halo corresponding to the main line of Melilite and cristobalite respectively. On the other hand, dune sand has a crystalline α Quartz structure with a high content of silica. Scanning electron micrographs of dune sand show that its structure is formed by amorphous fine particles adsorbed on large crystallized particles. However silica fume is in the form of agglomerates of microspheres with an average diameter D = 0,136 μm, which is given by the following relation [9] : 6 where: (D): the average diameter in μm; (A) and (ds): the specific area (fineness) in m 2 /g and the density of silica fume respectively For UHPC, Polycarboxylate based superplasticizer with a density of 1.07 g/cm 3 and dry extract of 30% was used. The coarse aggregate contains the dune sand with particle size lower than 0.63 mm.
Tests on Cement Pastes
In Table 2 , a series of different binary systems [(10 + 5)% by replacement of cement] are presented.
The monitoring of the eVol.ution of hydration has been established by analyzing pastes using PANalytical's ver-sion X-ray diffractometer, Model X'pert Pro with CuKα radiation working.
Cement pastes were mixed with a 0.35 W/B ratio and analyzed at the anhydrous state, 20 days and 16 months of hydration.
Tests on Concrete
The second part of this research consists of studying the characteristics of UHPC based on dune sand, slag and silica fume.
The formulation of these concrete mixes has been carried out on the basis of that recommended by P. Richard and M. Cheyrezy using a quantity of sand per Vol.ume unit Lower than 0.83 times the apparent density of sand [10] [11] [12] .
The use of this sand in its natural state has an economical advantage. Its spherical form reduces water requirement. In addition, the fine practical size (fineness modulus M f < 1) allows a gain of grinding energy, and consequently minimization of micro cracks apparition in the grains.
A Polycarboxylate superplasticizer with pH of 5-6, density of 1.07 gm/cm 3 and dry extract of 30% was used in this study.
For concrete mixes, a W /B ratio of 0.24 and a superplasticizer dosage of 1.8% dry extract have been used.
The series of different concrete mixes per meter cube of concrete are summarized in Table 3 .
Compressive strength tests allow determining the po- 
Results and Discussion
The portlandite [Ca(OH) 2 ] is one of the main hydration products of calcium silicates. Their fixation by silica from the additions results in the formation of a second generation of C-S-H. This generates an improvement in the compactness of cementitious matrix of concretes [13, 14] .
Reactivity of Quartz Crystals
Analysis of pastes by XRD return to compare the intensities of Portlandite peak (P), calcium silicates peak (C 3 S; βC 2 S) formed during hydration and Quartz peak (Q) containing in dune sand.
The eVol.ution of hydration of cement pastes is presented in Figure 3 . The Portlandite peak intensities, as well as that of quartz and calcium silicates decrease with time. This explains that the pozzolanic reaction of the dune sand has occurred whatever the considered combination of addition.
Influence of the Mineralogical Structure of the Addition
Pastes with high quartz content (C + 10% DS + 5% SF and C + 10% DS + 5% S) consume less Portlandite than pastes with high amorphous addition content (C + 10% SF + 5% DS and C + 10% S + 5% DS). This is reflected by the low intensities of Portlandite peaks in the later pastes as shown on Figure 4 . The vitreous state of the addition has a great influence on its pozzolanic reactivity [15] .
Influence of Silica Content
The hydration of cement containing 10% SF + 5% DS is better than that containing 10% S + 5% DS. A large difference in peak intensities of Portlandite and quartz has been observed. This is explained by the high pozzolanic reactivity of the SF due to its high silica content and high finesse. This result is in accordance with some other investigations on lime pastes based on the same additions. The area of the main peak of portlandite (centered at the ray d = 2.628 Ǻ) was significantly lower compar atively to other pastes [7] . The dune sand exhibits a better pozzolanic reactivity in presence of silica fume rather than in presence of slag. This explains the low peak intensities of quartz at early and later term in the X-ray diffraction patterns presented in Figure 5. 
Characterization of concretes containing additions
At early age, activity indices of UHPC with additions were lower than that of control due to the effect of cement replacement [16, 17] . At 7 days, concrete containing a high proportion of amorphous additions (UHPC 1 and 3) have similar indices to that of control. This reflects the eVol.ution of the pozzolanic reaction of amorphous additions.
Concrete containing high proportion of SD (UHPC 4) have lower indices at early age. While at later age, it presents similar indices to those of UHPC 2 containing 5%SF. This explains that there is no effect of SD on pozzolanic reactivity at early age. As a result, the pozzolanic reactivity of additions at this age is more influenced by the amorphous structure than by fineness [15, 18, 19] .
Pozzolanic activity at later age At later ages UHPC 1 had higher reactivity indices than UHPC 3. This proves that despite the crystalline structure of DS, it became more reactive at later age due to a synergetic interaction with SF. On the other hand, UHPC 2 showed reduced indices compared to UHPC 1. This is in agreement with the study done on pastes with binary additions.
In the case of UHPC 3, the reactivity index was similar to that of the control and greater than that of UHPC 4. This also means that higher cement replacement levels of DS in presence of slag is not recommended. Then, and as a conclusion of this part of the study, hydrated lime liberated during cement hydration is well fixed in the presence of a large proportion of an amorphous material. These results confirm also what was already found [6, 7] .
Microstructure of Concrete
The SEM-EDX analysis of concrete samples hydrated at 28 days are presented in Figure 6 .
The matrix is very dense in the concrete based addition than in the control. The C/S ratio is high in the control concrete (C/S = 1.75) which is in agreement with the literature [17, 20, 21] . While, this ratio is lower in the other concretes due to the presence of pozzolanic materi-als (C/S = 1.1 in UHPC 1 and 3 and C/S = 1.35 in UHPC 2 and 4).
The decrease in C/S ratio is explained by the low concentration of Ca 2+ ions in the presence of additional amorphous silica than in the presence of crystalline structure [3, 20, 22] .
Conclusions
In this study, it could be concluded that the mineralogy of additions has a great influence on the pozzolanic reactivity at early ages. The presence of fine amorphous population on grains of ground dune sand leads to a partial pozzolanic reactivity enhanced by the presence of 10% amorphous silica.
The introduction of reactive additions produces a densification of formed C-S-H and a decrease in their stoichiometric ratios C/S.
The availability of slag and dune sand in Algeria leads to recommend UHPC 3 with 10% S + 5% DS as the optimal composition meeting the dual goals of economic and environmental benefits. It provides the same mechanical properties as those of the control and the C-S-H structure is similar to that of UHPC 1 (10% SF and 5% DS).
